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The document aontaina materials on the Soyuz-Apollo t ee t  and 

consists of two par ts ,  prepared by the USSR and USA s ides  res- 

peatively, 

Both parta outline the purposes and program of the miseion, 

the spacecraft design, the flight plan and information an joint 

and unilateral s c i e n t i f i c  experiments, 

Brief biographies of the cosmonauts and a~tronauta, the joint 

mission crew member@, are also presented* The document covers 

technical support a c t i v i t i e s  providing rnia~ion control and gives 

in fomat ion  about the ASTP Soviet and American leaders, 

Aa the USSR and USA parts  of the document have been prepared 

b independently, there might be duplication In  the section8 dealing 

with the joint  ac t iv i t i e s ,  

The docwnent i s  intended for press r ep resen ta t fve~  and various 

mas information means, 

























































































































































































































































































The bgdraulic system (Fig. 3.8) The c i r cu l a t i ng  

f l u i d  accumulates the heat  from i n t e rna l  sources and d i s s i p a t e s  

i t  i n  @$ace. 

The hydraulic system comprises units f o r  heat co l l ec t ion ,  

moisture co l lec t ion ,  hydraulic system cont ro l ,  heat  r e j e c t i o n  and 

a i r  ven t i l a t i on  witbin t h e  modules. 

The hydraulic sgstem operates as f ollowa. 

The heat generated by t h e  equipment and crewmen is trans- 

ferred t o  t he  a i r  c i r cu l a t i ng  wi thin  t h e  modules. A i r  c i r cu l a t i on  

wi thin  t h e  modules i s  perforned by fans,  The heated a i r  i s  sup- 

p l i ed  t o  t he  habitable module heat exchanger-condensers and in- 

strument bay gas-to-liquid heat exchanger where it i s  cooled by 

t h e  hydraulic system l iquid .  

The l i qu id  temperature within the  hydraulic system i s  main- 4 

t a ined  by regulator  changing flow r a t e  of t h e  l i qu id  going t o  

t h e  r ad i a to r  t o  be cooled. 

The habitable module air temperatwe required i s  maintain- 

ed automatically by changing flow ra te  of a i r  supplied t o h a t  ex- 

changers t o  be cooled. When t he  a i r  i s  being cooled i n  t h e  habi- 

t a b l e  module heat exchangers the air w a t e r  vapoxB canCens~.te 

on heat exchanging olull_"acas. The moi~i ture  conden~l~tad  is pump- 

ea out by a pmp into the moisture collector, 

I n  addi t ion to a i r  cooling, the  cooling i s  performed by 

the  hydraulic system l i q u i d  passing through t h e  channels of t h e  

s t r u c t u r a l  elements ( f o r  example, cooling of the Apollo radioset 

mounting bracket ) , 

The hydraulic system cons i s t s  of two bydraulfc c i r c u i t s :  

habitable module c i r c u i t  and ins t runent  bay c i r c u i t  which is  con- .rrr 



The m a 1  Control Sya t em 

The Soyuz Thermal Control System provides the following: 

- habitable module temperature within the range o f  15- 

25O~,  habitable module r e l a t i v e  humidity within the 

range of 20-70%; instrument bay temperature within the 

range of 0-40°c; 

- s e t  temperature of equipment and d i f fe ren t  components 

of the design including APDS components and Apollo m- 

d io  s e t  i n s t a l l e d  i n  the Soyuz spacecraft  ; 

- module atmosphere ven t i l a t ion .  

During the o r b i t a l  f l i g h t  the spacecraft  s t r u c t u r a l  e le -  

ments are heated from external  and i n t e r n a l  heat sources: the Sun, 

Earth, equipment and crewmen, Be sides,  during the spacecraft  jo in t  

f l i g h t  the Soyuz i a  add i t iona l ly  a f fec ted  by the Apollo a t t i t ude -  

cont ro l  engine plume heating r a t e s  and heat t r a n s f e r  through the 

Docking Assembly. The heat generated by the spacecraft  external  

surface i s  absorbed by space with temperature c lose  t o  absolute 

ze 1-0. 

The Soyuz T h e m 1  Control System i s  designed t o  minimize 

the spacecraft  unregulated heat tranaf e r  through i t s  external  sur- 

face to  apace environment, on one hand, and, on the  other  hand, t o  

take excessive heat from the spacecraft  i n t e rna l  heat  sources and 

d i ss ipa te  i t  i n  space environment. 

The Thermal Control System comprises thermal insu la t ion  

and hydraulic system, 

The shield-vacuum thermal insu la t ion  is placed on the 

spacec~*af t  external  surface and allows t o  minimize heat exchange 

between the spacecraft  and apace. 
w 



pressure s u i t  i~ ven t i l a t ed  separate ly  by i t s  ven t i l a t i on  sys- 

tem. Should one of the DV ven t i l a t i on  system f a i l ,  another 

ven t i l a t ion  system provides ven t i l a t i ng  of both pressure su i t s .  

If necessary, preaaure s u i t s  can be ven t i l a ted  with gafs mixture 

supplied by the spacecraft  onboard system. 

The ac t iva t ion  of the gas mixture supply system a s  

well as deactivation of pressure s u i t  ven t i l a t i on  systems are 

automatic. These operations can be performed manually as 

well. 

The pressure s u i t  donning and doffing a* performed 

i n  the Orb i ta l  Module; during donning and doffing the pressure 

s u i t s  a re  ven t i l a ted  with cabin a i r  by means of the ven t i l a t i on  

systems i n s t a l l e d  i n  the OM, These ven t i l a t i on  systems are  

used f o r  the s u i t 8  drying. Pressure s u i t  drying involves two 

phases: two pressure s u i t s  am being dried simultaneously, 

then each p a i r  of gloves i s  being dried. One p a i r  of gloves 

i s  connected t o  a ven t i l a t i on  s y ~ t e m  using a specia l  device 

which i s  stowed i n  a k i t  with tools.  

After  drying the pressure  s u i t s  are stowed i n  the in-  

f l i g h t  bags, 

After  the spacecraft landing the crewmen e e e s s  the 

DV with t h e i r  pressure s u i t s  on. 

I n  case of the  DV splashdown o r  emergency escape a 

cosmonaut without doffing a pressure s u i t  will don a pressu- 

r ized c o l l a r  and leave the DV. 



b i n s t a l l e d  i n  the Descent Vehicle and the  Orb i t a l  1VIodule. 

When O2 and GO2 contents  exceed allowable values,  t he  DV 

gas analyzer  produces warning s igna l s .  

A pressure-and-vacuum gauge and a pressure i n t e g r i t y  check 

u n i t ,  producing sign& when leakage i s  more than 70-90 mm Hg/hr, a r e  

i n s t a l l e d  i n  t he  OM t o  ve r i f y  the  habi table  module, t r a n s f e r  tunnel  

and i n t e r f a c e  i n t e g r i t y .  

Should leakage occur, i t  may be compensated from the  a i r  

s to rage  tank designed f o r  module p ressur iza t ion  during a pe r iod  of 

time required  f o r  the  crew t o  don t h e i r  pressure  s u i t s ,  

Oxygen-nitrogen mixture (40% oxygen) can be supplied t o  the  

pressure  s u i t  both manually and automat ica l ly  f o r  a per iod of time 

required  f o r  the  spacecraf t  descent and landing. 

A pressure  con t ro l  u n i t  i s  ava i l ab le  onboaxd the spacecraf t  

t o  maintain the module pressure  within the spec i f i ed  limits, 
%w 

Pressure s u i t  s e t  

The s e t  comprises two pressure s u i t s ,  f o u r  v e n t i l a t i o n  sya- 

terns, two i n f l i g h t  bags, pressur ized c o l l a r ,  two s e t s  of f l i g h t  gar- 

ment and two headsets.  The pressure s u i t  i s  a s o f t  pressure s h e l l  

with a bu i l t - in  s o f t  helmet. The helmet i s  rigidly f ixed  with an 

opening window, The pressure s u i t  i a  provided with removable gloves, 

The crewmen have t h e i r  pressure s u i t s  on during the  Soyuz o r b i t  in- 

s e r t i on ,  docking and undocking with Apollo, and descent. During the  

o the r  f l i g h t  phases the pressure s u i t s  am stowed i n  the bags in 

the  Orb i t a l  hlodule. 

During the s u i t e d  operat ion the necessary l i f e  supporting 

condi t ions  are ea tab l i shed  by v e n t i l a t i n g  the pressure s u i t s  wi th  

cabin  a i r  us ing v e n t i l a t i o n  f a c i l i t i e s  i n s t a l l e d  i n  the DV. Each 
Yu 



crcaft autonomous and j o i n t  f l i g h t s ,  monitors module pressure  i n t e -  d 

g r i t y  and atmosphere contents ,  If necessary, the  GCSS provides gas 

leakage make-up and maintains the s u i t  pressure  required. 

I n  t h e  f i r s t  o r b i t s  the Soyuz spacec ra f t  pressure  s l i g h t l y  

exceeds the atmosphedc! pressure  'because of the module a d d i t i o n a l  

p r e s s u r i z a t i o n  wi th  oxygen performed a t  the  launch ~ i t e ,  The addi- 

t i o n a l  p ressur iza t ion  w i l l  provide the  normal oxygen con ten t s  f o r  

the subsequent depressur iza t ion  t o  490-550 mrn Hg, Following the  com- 

p l e t i o n  of the j o i n t  activities with the  Apollo crew the Soyuz pses- 

sure  i s  increased t o  atmospheric as  a r e s u l t  of the a i r  pressur iza-  

t i o n  from a special ly-designed tank, 

The removal of carbon dioxide and hazardous 

impur i t i e s  exc re ted  by the  crewmen as well  as the replenishment of 

the oxygen consumed during brea th ing a r e  performed by the regenera- 

t i o n  f a c i l i t i e s  i n s t a l l e d  i n  the Descent Vehicle and the Orb i t a l  4 

Module. The opera t ing  p r i n c i p l e  i s  as follow@ a i r  i s  suppl ied  

t o  the regenera tors  by means of f ans ;  i n  the  regenera tors  contain-  

i n g  potaaaiwn superoxide the  a i r  i a  p u r i f i e d  and enr iched with oxy- 

gen, when the regenera tor  i s  inopera t ive  o r  the C02 concent ra t ion  

inc reases  up t o  the  high l e v e l ,  the air i s  suppl ied  t o  the C 0 2  ab- 

sorber.  

The DV regenera tor  i s  used only a t  the  phase of i n s e r t i o n  

and during the  autonomous f l i g h t ,  

The DV regenera tor  i s  c o n t r o l l e d  by the crewmen f r o m  the  

DV panel,  The OM regenera tor  opera t ion  i s  performed automat ica l ly  

i n  response t o  commands of the gas anylyzer.  The regenera tor  cont- 

r o l  can also be performed from the  DV and OM panels.  

The monitoring of the atmosphere composition maintained 

by the  regenera t ion  f a c i l i t i e s  i s  performed by two gae ana lyze r s  
4 



The Soyuz atmosphere high oxygen pe rc entage and cosmonauts stay- 

ing i n  the Apollo oxygen atmosphere made necessary t o  perform ad- 

d i t i ona l  f i r e  safe ty  c e r t i f i c a t i o n  of the most pa r t  of the  Soyuz 

equipment and assemblies, and i n  some cases the mater ia l s  used 

we re  replaced. 

The jo in t  f l i g h t  required tha t  the thermal control  qystem 

should a lso  be developed: the grovisions a re  made t o  protect  the 

Soyuz s t m c t u r a l  elements from the  Apollo engine plume heating 

during the docking, a heat-exchanger i n  the form of a bracket was 

developed f o r  the Apollo t ransceiver  i n s t a l l e d  i n  the Orbi ta l  Mo- 

dule . 

Gas composition support system 

Gas composition support system i s  designed t o  provide i n  

the  Soyuz spacecraft  (and i n  the docking module when t r ans fe r  tun- 

ne l  hatches are open) the required l i f e  supporting atmosphere com- 

pos i t ion  and pressure, oxygen and carbon dioxide p a r t i a l  pressure 

and hazardous impurity contents required. The GCSS provides module 

pressure equal izat ion and depressurization both during the  space- 



3* 2,4 - Life support systems. Purpose and composition 

The main function of the Soyuz l i f e  support systems 

(LsS) i s  t o  provide l i f e  supporting conditions during the f l i g h t  

f o r  the crew to  perform t r ans fe r s  and jo in t  activities with the 

Apollo crew, 

The ZSS provide and maintain the required atmosphere, 

temperature and san i ta ry  conditions, The LSS a l so  provida the 

c r e w  with food and water, 

Functionally the systems can be divided a s  follows: 

- gas composition supply system; 

- pressure s u i t  s e t ;  

- thermal control  system; 

- food and water supply systema; 

- furnishings  and hygiene f a c i l i t i e s ,  

For the Soyuz/Apollo f l i g h t  the gas composition support 

~lyatem was modified t o  provide a p o s s i b i l i t y  of es tab l i sh ing  an 

atmosphere with preasure of 490-550 mm Hg, 

The high l i m i t  was taken close to  maximum which excluded 

the  necess i ty  of performing desaturat ion;  the low limit was taken 

t o  ensure sa fe ty  ( the  oxygen volumetric contents not  more than 40761, 



To f a c i l i t a t e  tlSo.yuzll detection and i d e n t i f i c a t i o n  during 

ear ly  approach a t  the o r b i t a l  dark phase the Soyuz instrument-assembly 

module c a r r i e s  body-mounted f lash ing  beacons,?he f l a shes  of the white 

l i g h t  allow t o  detect  the spacecraft  a t  a distance of hundreds o f  

kilometres. 
The onboard coloured or ien ta t ion  l i g h t s  located on s o l a r  bat- 

t e r i e s  are  used to v i sua l ly  determine the spacecraft  a t t i t ude . In  case 

of need the crew may e s t ab l i sh  communication between the spacecraft  

by switching on and o f f  the onboard l i g h t s ,  should the radio conmuni- 

ca t ion  between the spacecraft  be not es tabl ished for some reasons, 

The Soviet spacecraft  docking t a rge t  can be observed from 

tlApollotl a t  a distance of 200 meters, 
w 

With the distance of a few dozens meters, the ta rge t  allows 

t o  determine the  s p a c e c ~ a f t  a t t i t u d e  and distance, The precise  a l ign-  

ment using the ta rge t  i s  perfonned a t  a distance of approximately 

10 meters, 

During approach and docking the Soyuz spacecraft  changes i t s  

or ien ta t ion  mode, After  t h a t  i t  maintains i t s  constant o r ien ta t ion  

r e l a t i v e  t o  c e l e s t i a l  bodies, 

To observe the docking t a rge t  i t  i a  convenient t o  automati- 

c a l l y  maintain such i n e r t i a l  o r ien ta t ion ,  s ince the  condit ions of the  

t a rge t  i l luminat ion do not change during the spacecraft  approach, 

When i n  the v i c i n i t y  of I1Apollo1', the Soyuz spacecraft  

turns about i t s  X-axis and s e t s  i n t o  pos i t ion  f i t  f o r  docking. 

The or ien ta t ion  system s to re s  and maintains this posi t ion,  

The 1381I contact sensors respond t o  the spacecraft  contact  and dis- 
'Cr able the  Soyuz a t t i t u d e  and motion control  system. 



increments and upon achieving a spec i f ic  value shuts off the pro- 

pulsion system. 

During the spacecraft  sun-orientation the onboard-automatic 

device provides the spacecmf t ro t a t i on  and exposes s o l a r  bat t e r i e  a 

t o  the sun radia t ion,  When the proper posi t ion i s  achieved, i t  can 

be maintained by means of two ways, namely by t w i s t ,  during which the 

spacecraft ma~n ta ins  i t s  a t t i t u d e  l i k e  a t o p ,  and by vibrat ion0 about 

the Sun direct ion,  

The cosmonaut may p e r f o m  the spacecraft  o r ien ta t ion  of any 

type both i n  manual and automatic modes, 

During automatic modes, which a r e  of great importance, the 

cosmonaut usual ly   monitor^ the process using the  display,  s ight ing 

device o r  s igna l l ing  system on the cosmonaut's panel, 

The rig'ht con t ro l l e r  i s  used by the coemonaut to  ensure the 

spacecraft  control  through each of t h e  three  channels, s e t t i n g  the  
4 

spacecraft  ro t a t i ona l  speed up t o  3 degrees per  second, 

I n  the  precis ion mode the  con t ro l l e r  enables the cosmonaut 

t o  use some pulses of control  j e t  engines which provide the space- 

c r a f t  minimum ro t a t i ona l  speed and f u e l  consumption. 

MCS ope r a t  ion during rendezvous, approach and dockinq 

Two revolutions p r i o r  to  docking the Soyuz crew manually 

tu rns  the spacecraft  t o  perform i t s  o r b i t a l  or ienta t ion.  h r i n g  this 

or ien ta t ion  the spacecraft  X-axis a l i gns  with i t s  ve loc i ty  vector,  

while one of i t s  Y - a x i ~  i s  directed towards the  Earth centre,  On ac- 

complishing o r b i t a l  o r ien ta t ion  i t  i a  maintained automatically using 

the spacecraft  AMCS. Upon detect ing nSoyuzl' with llApolloll op t i ca l  de- 

v i c e ~  the spacecraf t  begin t h e i r  approach, 



s o r  and in f r a r ed  horizon sensor, 

Vfhen using the IR-sensor the spacecraft  Y-axis ( l a t e r a l  

axis)  i s  directed towards the Earth centre,  The ion ic  sensor 

a l i gns  the spacecraft  X-axis wi th  the o r b i t a l  plane, The space- 

c r a f t  can be t ransfe r red  from i t s  o r b i t a l  o r ien ta t ion  t o  any spe- 

c i f i c  pos i t ion  i n  reference t o  c e l e s t i a l  reference points  using 

programme d tu rns ,  

To perform t h i s  procedure the gyros are uncaged a t  the de- 

s i r e d  lnoment and s to re  the reference pos i t ion  f o r  any spec i f ic  

turns. 

The Soyuz control  system allows t o  perform p m g r m e d  

turns  without using gyma of a gyro package, I n  t h i s  case angular- 

r a t e  pickups and t h e i r  in tegra t ing  devices a r e  used. 

The gyro package and angular-rate pickups allow t o  main- 

t a i n  the spacecraft  a t t i tude .  To maintain the or ien ta t ion  the space- 

c r a f t  needa compensation of disturbing moments due t o  the e f f ec t  of 

the  atmosphere and the Earth gryvi ta t iona l  . f i e ld ,  

The gyro package and angular-rate pickups i l l u s t r a t e  func- 

t i o n a l  redundancy when performing or ien ta t ion  o f  one de f in i t e  type, 

The d i f fe ren t  approaches i n  solving similar problems in- 

creases  the spacecraft control  system r e l i a b i l i t y  and i ts  "surviv- 

a b i l i t y "  . 
The spacecraft  one-axis o r ien ta t ion  towards the Earth i s  

provided by the in f ra red  hosizon sensor, while i t s  or ien ta t ion  

along the motion d i rec t ion  i s  performed by use of ionic  sensor. 

On generating a reac t ion  pulse by t h e  approach-correcting 

assembly the spacecraft  w i l l  be s t ab i l i zed  and maintain  it^^ a t t i -  

tude unchange d, 

The spacecraft  a t t i t u d e  s t a b i l i z a t i o n  i s  provided by the 

AMCS. The spec ia l  device of t h i s  system measures the ve loc i ty  



These th rus t e r s  are f i r e d  i n  various combinations accord- 
4 

ing t o  the spacecraft  con t ro l  log ics ,  

They e i t h e r  provide control  moments and make the space- 

c r a f t  tu rn  about i t s  mass centre o r  they enable t r ans l a t i ona l  rna- 

neuve rs . 
The descent vehicle a l ~ o  c a r r i e s  6 control  t h rus t e r s  

which are f i r e d  during the  vehicle descent phase, 

The approach-correcting propulsion system (ACPS), which 

i s  designated t o  generate a cor rec t ing  and a rate-damping reac- 

t i o n  pulse, has a one-chamber approach-correcting engine (ACE) of 

417 kg-thrust and a two-chambers backup correct ing engine (BCE) 

with s tee r ing  nozzles of 411 kg-thrust. 

Yhe ACPS has self-contained bipropel lant  tanks ,a propellant- 

feed system f o r  each engine and appropriate automatic syutems. 

AMCS modes 

The Soyuz f l i g h t  program provides f o r  the spacecraft  d i f fe r -  

en t  o r ien ta t ion  and a t t i t u d e  hold a t  each mission stage, The prio- 

r i t y  of these procedures i s  defined by concrete purposes. 

Orientat ion modes - both automatic and manual - begin with 

searching reference points ,  The spacecraft  r o t a t e s  with constant 

speed u n t i l  a  spec i f ic  reference point  i s  acquired by the sensor 

o r  the  cosmonautts s ight ing device, Then the sensor cen t ra l  a x i s  

i a  al igned with the  reference point  direction.  

The or ien ta t ion  sensors a re  f i xed  r i g i d l y  on the space- 

c r a f t  modules, Their alignment with c e l e s t i a l  bodies se lected 

provide8 the spacecraft  o r ien ta t ion  re la t ive  t o  these b o d i e ~ ,  Af- 

t e r  t h a t  the spacecraft  a t t i t u d e  i s  maintained, 

Automatic o r b i t a l  o r ien ta t ion  i s  performed using ion ic  sen- d 



na l  devices and the DV instrument board a re  used during the AMCS 

operation, 

Soyuz docking t a rge t s  

The main orbit-deployed docking ta rge t  i s  loca ted  on the  

outside of the  o r b i t a l  module near the docking system, 

It comprises a cross placed i n  f ron t  of the screen which 

i s  the t a rge t  base. There i s  a l s o  a cross  pa t t e rn  avai lable  on 

the base screen. 

lrkiith both crosses al igned the Soyuz X-axis i s  directed 

towards the  observer, Besides the main t a r g e t  the orbital.  and in- 

strument-assembly modules ca r ry  f ixed  p l a t e s  with marks which 

serve as an addi t ional  t a rge t .  

Onboard or ien ta t ion  l i g h t s  

Onboard or ien ta t ion  l i g h t s  - r e d ,  green and t w o  white 

l i g t h s  - a re  mounted on s o l a r  ba t te r ies .  They allow t o  approxima- 

t e l y  detemine the approaching spacecraft  mutual posi t ion,  

The Soyuz spacecraft  w i l l  ca r ry  two f lash ing  l i g h t  beacons. 

They are  t o  defect and iden t i fy  the spacecraft during the  mission 

dark  phase a t  the i n i t i a l  s tage of approach (early approach), The 

beacons f lash ing  l i g h t  w i l l  help t o  i den t i fy  the spacecraft  against  

the s t a r  background. 

NdCS j e t  t h rus t e r s  and approach-correcting p r o p u l ~ i o n  

system 

The a t t i t u d e  and motion control  system,control j e t  thrust -  

e r s  and approach correct ing propulsion sys tern comprise 14 approach 

and or ien ta t ion  engines (AOE) each of 10 kg-thrust and 8 orien- 

t a t i o n  engines (OE) , 1 kg-thrust each. 



f i e l d  of view. The Sun i s  u ~ u a l l y  acquired a t  f i r s t  by one of the  * 
sensor search zone, and then i t  i~ "carr iedu t o  the sensor mid- 

point.  

Anaular-rate pickups are electronic/gyroscopic instruments 

t o  measure the spacecraft  ro ta t ior i  velocity. The instruments con- 

ver t ing units '  in tegra te  ve loc i ty  s igna ls  and issue control  s igna ls  

proport ional  t o  the  spacecraft  ro t a t i on  angles. 

Onboard the spacecraft  there i s  a gyropackage comprising 

two gyros, This assembly maintains the spacecraft  s e t  o r ien ta t ion  

and  allow^ t o  perf  o m  programmed turns. 

Viaion devices, o r ien ta t ion  monitors and con t ro l l e r s  

Vision and or ien ta t ion  monitoring devices and control lerg  

a r e  located a t  the crew s t a t i o n s  i n  the descent vehicle, 

Cosmonaut l a  s ight ing device i s  an op t ica l  device designat- 4 

ed f o r  v isual  observation of t h e  Earth o r  the o ther  spacecraft  du- 

r ing  i t s  approach, It has a cen t r a l  and per ipheral  f i e l d  of view. 

The ea r th  edge pos i t ion  i n  per ipheral  zones axlows t o  or i -  

en t  the spacecraft  towards the Earth centre. 

Ground speed i n  the cen t r a l  f i e l d  of the s ight ing device 

i s  used when performing i t s  yaw or ienta t ion,  

On the outside of the DV windows shade gauges a re  located,  

The cosmonaut perf oms the spacecraft  o r ien ta t ion  towards the  Sun 

by the shadow on the gauge screens, 

Using the cont ro l le re  the cosmonaut provides the  space- 

c r a f t  ro ta t ion  o r  t r ans l a t i ona l  maneuvers. 

The cosmonaut's panel include data display f a c i l i t i e s  and 

the spacecraft  control  aystems. The panels with two comnd-s ig-  4 



AIklCS includes: command sensors; convert irg and switching 

devices; monitoring and a t t i t u d e  cont ro l  a id s  and spacecraft  con- 

t r o l l e r s ;  reac t ion  j e t  microengines, approach-correcting propul- 

s ion system. 

The spacecraft  a t t i t u d e  control  may be conducted both auto- 

matically and manually. The crew can se l ec t  a control  mode. Auto- 

matic modes can be i n i t i a t e d  by ground radiocommands. During auto- 

matic or ien ta t ion  sensing devices supply data on the spacecraft  a t -  

t i t ude  and ro t a t i on  r a t e ,  The onboard log ic  device converts these 

data i n to  on-off commands f o r  t h rus t e r s  which control  the apace- 

c r a f t  turns. 

The manual control  loop enables the crew t o  o r i en t  the  

spacecraft  t o  the Earth, Sun o r  s t a r s ,  During the or ien ta t ion  

mode the crew i s  s ight ing these reference points  using op t i ca l  

devices o r  spacecraft  posi t ion transducers, The spacecraft  orien- 

t a t i o n  accomplished by means of hand con t ro l l e r s  which provide on- 

off  s igna ls  t o  o r ien ta t ion  engines. 

Command sensors 

Infra-red horizon sensor senses the Earth and atmosphere 

inf m-red radiation and provides the spacecraft  o r ien ta t ion  to- 

wards the Earth center.  

Ionic  sensors respond t o  t h e  counter flow of ions  which 

a r e  the atmosphere "tracest1 a t  these a l t i t udes .  These sensors ge- 

nerate control  s igna ls  when the  spacecraft  longi tudinal  a x i s  de- 

v i a t e s  from i ts  veloci ty  vector during the spacecraft  o r b i t a l  mo- 

t ion ,  

Sun sensor i s  used during the  spacecraft  o r ien ta t ion  to- 

wards the Sun. The sonsor has two s i d e  search zones and the cen t r a l  



The difference between the Soyuz and Apollo Docking 

Systems 

The USSR and US docking system designs have considerable 

differences,  The dif ferences  a r e  primarily baaed on previous ex- 

perience of each side s p e c i a l i s t s  and u t i l i z a t i o n  of d i f f e r en t  

s t ruc tu ra l  procedures i n  manufacturing a t m c t u r a l  elerneat s. 

One o f  the pr inciple  differences of docking systems in- 

volve those i n  a t tenuat ion system and guide r ing  systems, 

Unlike the Soyuz docking system electromechanic system of 

the Apollo i s  equipped with autonomous gyro a t tenua tors  and elec- 

t r i c  drive with cable connection. 

Another e s s e n t i a l  difference i t  tha t  the Soyuz docking 

system has e l e c t r i c  dr ives f o r  capture and body-mounted l a t ches  

and pyrodevices f o r  redundant undocking. 

However, despite the difference i n  docking system designs, 

the fu l f i l lment  of agreed upon pr inc ip les  and requirements pro- 

vided t h e i r  compatibil i ty and made Soyuz/~pol lo  docking possible,  

3.2.3 Att i tude and motion cont ro l  system 

Atti tude and motion control  system function and s t ruc ture  

The Soyuz a t t i t u d e  and motion control  system i s  to  provide 

the spacecraft a t t i t u d e  control ,  

This is: build-up of o r ien ta t ion  modes; long-term mainte- 

nance of the spacecraft  spec i f i c  o r ien ta t ion  - a t  t i  tude hold; 

spacecraft  a t t i t u d e  hold with the generation o f  a react ion pulse 

of the approach - correct ing propulsion system (ACPS) ; approach 

control  during the spacecraft  rendezvous, 



v 1. Initial contact 2. Guide ring mate and capture 

3. Mutual alignment and retraction 4. Hard and pressure-tiqht coupliriq 

5. Cosmonauts' transfer 

FIGURE 3.7 SOYUZ/APOLLO SPACECRAFT DOCKING SCHEIVIAT IC 





The guide ring retract ion i s  perf omned by mean8 of the 

drive a f t e r  t h e  spacecraft alignment, During the l a s t  phase of re- 

t rac t ion  the guide pine and sockets, located on the s t ruc tura l  

r ing,  perf om ~lpacecraft f i n a l  alignment, When re t rac t ing  and ex- 

tending the guide r ing electromagnetic locks, which prevent the 

guide ring misalignment, can be activated, 

Spacecraft r i g i d  dockiq ,  After the docking interface 

touching structure la tches perform r i g i d  docking and interface 

sealing, Then the docking interface and spacecraft tunnel leak 

t e s t a  are performed, The docking process i s  completed, 

Undocking i s  performed by an active spacecrafts capture 

latches release and then by opening the structure l a t ch  hooks, If 

necessary, undocking can be perfomed by a passive spacecraft by 

'"rr 
body-mounted la tches release and opening the s t ructure l a t ch  pas- 

sive hooks, 

Spacecraft separation i s  perfomed by spring thrusters ,  

aymetrically located on the s t ruc tura l  r ings of both systema,af- 

t e r  the la tches releaseo 

A l l  principal operations including s t ruc tu ra l  l a t c h  ope- 

ra t ion during docking and undocking are redundant. Capture l a t ch  

undocking as well as s t ruc tura l  l a t ch  active and passive hooks 

opening i s  provided by pyrotechnic devices, 

The docking system can perf o m  a l l  operations during dock- 

ing/undocking automatically o r  each operation ~ e p a r a t e l y  by i n i t i -  

a t ing  appropriate commands by cosmonauts o r  via command radio com- 

munication l ink,  The system operation monitoring i s  perfomed by 

cosmonauts control panel indication and by the ground personnel 

'~r ( telemetry), 
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operate i n  a passive mode, and during redocking i n  an ac t ive  mode. 

$pacecraft docking schematic i s  given i n  Fig.3.7 4 

Pr io r  t o  docking the ac t ive  DS guide r ing i s  extended in- 

t o  forward posi t ion,  and the passive DS guide r ing  is  r e t r ac t ed  

t o  i ts  most rearward posit ion,  

During approach the spacecraft  are  or iented r e l a t i v e  t o  

each other so t h a t  the DS guides of one spacecraft  be approximate- 

l y  opposite the DS hollows of the other,  

During spacecraft  contact (impact) the guides of one DS 

s l i d e  along the guides of the o ther  one, thus absorbing the space- 

c r a f t  impact energy; then the ac t ive  DS guide s ing contacts  with 

the  passive one, and i n i t i a l  capture and spacecraft  alignment i s  

accomplished, Then the spacecraft  r e t r ac t ion  and t h e i r  r i g i d  coupl- 

ing i s  performed, 

Attenuation of spacecraft  r e l a t i v e  motion i s  rea l ized  by 
.ru' 

the guide r i n g ' s  moving i n  any d i rec t ion  (on a l l  s i x  degrees of 

freedom) and energy absorbing u n i t s  (spring8 and brakes), The r ing  

movement i n  a l l  d i rect ion i s  provided by changing the length of 

the s i x  roda. 

The i n i t i a l  capture i s  performed by three capture l a t ches  

on the guide r ing,  which capture body-mounted l a t ches  of the  pas- 

s ive  system. 

The spacecraft  alignment i s  achieved by spring mechanisms, 

located on the  guide ring and on the drive. 

I n  case the spring energy i s  not adequate f o r  alignment, 

the act ive  DS r ing  i s  extended i n t o  i t s  most forward po~ l i t i on  

( t i l l  s top)  by means of the drive, andthe spacecraft  a r e  aligned 

approximately, 



Each passive and ac t ive  hook is equipped with a pyrobolt 

t o  provide, i f  necessary. p r ac t i ca l ly  instantaneous undocking, 

Guide p i n  together with the socket i s  designed f o r  the 

spacecraft  exact alignment during the f i n a l  phase of re t rac t ion .  

When the DS i s  i n  ac t ive  mode the pin  can move r a d i a l l y  t o  compen- 

gate f o r  thermal and a t m c t u r a l  d i s to r t i on  o f  the  s t r u c t u m l  ring. 

When the docking system i s  i n  passive mode, the guide pin i s  auto- 

mat ical ly  locked i n  i ts  cen t r a l  posit ion,  

The s t r u c t u r a l  r ing  is a l s o  equipped with docking in t e r f ace  

s e a l  contact sensors and sensors ind ica t ing  the i n t e r f ace  s e a l  com- 

pression, 

Spr ing  thrusterg  are located on the docking r ing  and pro- 

vide spacecraft  separation when the la tches  are  opened. 

Dockim in te r face  - s e a l  w i l l  provide pressure i n t e g r i t y  of 

the docking interfaces .  Docking in te r face  s e a l  cons i s t s  of two con- 

cen t r i c  rubber r ings  s e a l s  on each system, The seal ing i s  perfom- 

ed  according t o  a tlseal-to-sealrl  type. 

The manhole cover i s  a par t  of t he  docking system and i s  

used t o  close the t r ans fe r  tunnel of the spacecraft ,  

The manhole locking/unlocking i s  manually performed by the 

crew. The manhole i s  sealed by a sealing mechanism, which has e ight  

eccentr ic  type la tches ,  the l a t t e r  being connected with each o ther  

by means of cloaed cable connection. I n  case the  cover sea l ing  me- 

chanism fails,  several  o r  even a l l  hooks can be opened o r  closed 

by means of i t s  disassembling and subsequent assembling, The Docking 
System i s  equipped with alarm and meter system which pmvide a l l  data 
about DS operation, 

APDS operati  on during docking/undocking 

During the mission the Soyuz docking system w i l l  first 



m d  are equipped with so lcno idc  t o  perform un l .n t ch iq  by a paszfve 

spacecraf  tl, 4 
dads s u p p o r t  the  guide r i n g  and c o n ~ ~ o c t  i t  w i t h  the  gu i -e  

r i n z  dr ive  and docking syr:i;ern base. ':'he roda a re  b e l l  sc rcws , tha t  

conver t  the  s t r oke  o f  the acrcw mcl i n t o  r o t a r y  moti.on o f  .Lhe n u t  

and v ice  ve rsa ,  The r o d  configuratio:?  all^,^:^^ t o  change i t s  Icnlzth 

r e l a t i v e  t o  'the attachment po in ta .  Ill-ic r o d s  a r e  at tcichcd t o  t h e  

base t h r o u ~ h  j oir1.t s :.{i.th t h r e e  degrees of f r e e  rloni which t ransmi t  

the  rotarty motion of t h e  rocia t o  the  base arrr:xmb'r,y, The rods  a r c  

a t t ached  t o  t he  euide  r i n g  a t  t h r ce  p o i n t s  tlirough rod connecting 

j o i n t s  which provicte lcinematic conriection between the  crews. 

Guide r i q  dr ive  .Loge t h e r  i l ~ i  t,h d i f  f eren-l;ial a~nernbly  per -  
---,...-- 

f c ~ m a  two basic furlct ions,  The first P ~ : ~ n e t i o n  i s  t o  provide f o r  

1-otntion of t he  guide r i n g  about l a t e r 2 1  axes  ( p i t c h  and yaw) du- 

r ing  the  i u~pac t  a t t e n u a t i o n ,  The second f u n c t i o n  is t o  r e t r a c t  

and axtend the  guide r i n g ,  The guide rbilzk; r o t a t i o n  is accompliohed 

through misalignment of the  l e n g t h  of' t h r ee  rod pairs ,  The 
.J 

misalignment i s  accompli.~lhed by two Gear d i f f e r e n t i a l s .  The impact 

energy i s  absorbed by spring loaded mechanisms, which a180 se rve  t o  

r e t u r n  the  guide r i n g  t o  i t s  i n i t i a l  ponii;ion. The sup2orLing r o d s  

a r e  moved by a d r i ve ,  having two   no tors and an a d d i t i o n a l  d i f f e r en -  

t i a l ,  

S t r u c t u r a l  r i n ~  l a t c h  provide hard, p re s su re - t i gh t  con- 

nec t i on  o f  the  s ,)acccraft ,  They c o n s i s t  of c i g h t  a c t i v e  and e i g h t  

pass ive  hooks, e l e c t r i c a l  d r i ve  installed on one of' the l a t c h e s  

and closed-loop c a b l e s  conneet;inp; them, dach a c t i v c  hook has  a 

cam ope ra ted  mechmizrn, which pe r f  orr~is i t s  opening and t i g h  toning, 

Correspondin;; hoolcs of the pass ive  docking sya tern ase cap tured  by 

a c t i v e  hooks, The pass ive  hook has  a  s t a c k  o f  pre loaded b e l l v i l l e  

sp r i ngs  providing a d e f i n i t e  f o r c e  f o r  the docking i n t e r f a c e  pre- 

1 oa ding. 



P i r s t  the USSR and US DS scale mock-upe were t e s t ed  jo int -  

* l y ;  then the i r  ful l -scale  mock-ups development tes ts  were performed 

as well as t e s t i ng  of dooking systems, p rac t i ca l ly  ident ica l  t o  thoae 

t o  be used d u r i n g  the mission. And at  l a s t  the p r e f l i gh t  mate check 

of USSR and US f l i g h t  DS was performed, loreover,  the USSR Docking 

System was i n s t a l l e d  on SOW-1 6 and thoroughly t e s t ed  d w i n g  -the 

spece f l i g h t .  In  t h i s  f l i g h t ,  a spec ia l  ring simulated the Apollo 

docking ring. Main docking and undocking operations, including the  

functioning of l a tches  which provide rigid connection of spaceoraft 

have been checked 

APDS Design. 

The docking system consists of the following pr inc ip le  

assemblies : 

Dockine: system base i s  the main s t r u c t u r a l  member t o  which 

main docking aystem assemblies are  attached, w 
On the f r o n t  end of the  base there is  a s t r u c t u r a l  ring, 

the other  end of  the base has a flaage f o r  attachment t o  the space- 

c r a f t  o r b i t a l  module. The baee i~ the preesure-tight conntruction 

and consis ta  of a cyl indr ical  par t ,  forming a tunnel with er hatch 

which is  locked f rom inei.de, 

Guide r i q  consists of a ring, hollow fa  cross-section and 

three guides located 45' t o  the longi tudinal  axis of the  docking 

system, The guide r ing  is i n s t a l l ed  on s ix  suppor thg  rods, attach- 

ed in pairs .  Supporting rods attachments are the kinematic connec- 

t i ons  between the roda and provide f o r  the guide ring l a t e r a l  dis* 

plaoemen-t and r o l l  daring at tenuat ion( three  degrees of f~eedom), 

The guide r ing  supports three capture l a t ches  with undock- 

Ing drives. 

Body mounted la tches  together with capture latches perform 

spacecraft  docking. They a r e  i n s t a l l e d  an the docking system base 



APDS Development, 

During the first meeting of the Soviet a d  American spe- 

c i a l i o t s  i n  October 1970 the both s ides  provided data t o  develop 

a pr inc ip le  s t ruc ture  scheme of docking system, 

It was necessssy t o  develop an active/passive system ca- 

pable of docking with any spacecraft  of the given type(androgynous 

type). The US and USSR s p e c i a l i s t s  provided d i f fe ren t  echematica 

of docking system. I n  addit ion,  an androgynouu pr inc ip le  was de- 

f ined( the  so ca l led  pr inciple  of reverse synunetry), 

The xjecond meeting was held i n  June,1971 i n  Honston,USA, 

Por t h i s  meeting the  USSR s ide  had prepared a new draft ofwTech- 

nical Requirements f o r  Docking Systemsff, The d ra f t  was used aa a 

baais t o  determine technical  requirements f o r  development of the 

systems, 

By the meeting i n  the  fall 1971 the both s ides  had prep* 

ed t h e i r  own d r a f t s  f o r  a pr inciple  s t ruc ture  scheme, A 8  the  r e s u l t  

of the discussion the joint features of the scheme, which was t o  

meet the compatibil i ty requirements were worked out, It was a lso  

agreed upon tha t  each side would develop i t s  own system, and these 

sys t em could differ from each other. Most of the  Soviet proposals 

on the pr inciple  scheme had been adopted. 

It was decided t o  provide t o  the USSR and US docking sys- 

t e m ~  compatibil i ty by using a common pr inciple  s t ruc ture  scheme 

and standardizing main dimensions of i n t e r ac t ing  e lenents  when fu l -  

f i l l i n g  the technical  requirements f o r  the a t raoturs ,  In addit ion,  

 load^, temperatures and aome other similw pmametsrs were regulated, 

In the course of development and f ab r i ca t ion  docking system 

of each country was thoxoughly worked a t  and t e s t e d  separate ly  and 

jo in t ly  by each s ide ,  



3.2.2. Androgynous Peripheral Docking Syatem ( Flg3 6) 

'r Purpose, 

The androgynous peripheral  docking system (APDS) i s  de- 

signed t o  provide spacecraft  docking and undocking and i s  one of 

tke main compatible means f o r  the spacecraf t  rendezvous and docking, 

t ha t  w i l l  be t e s t ed  during the ASTP mission. The APDS i s  a modi- 

f i e d  docking ayatem, which d i f f e r s  f r o m  previoua versions developed 

according t o  the npin-conell schematic, and used f o r  docking both 

the USSR and US spacecraft.  

The Docking System performs the following functions: 

- impact energy absorption; 

- i n i t i a l  utechanical connection; 

- spacecraft  alignment m d  r e t r ac t ion ;  

- spacecraft hard mechanical connection and docking 

in te r face  seal ing ; 

- spacecraft  undocking and separation. 

Docking can be perfomned under the following conditions: 

- spacecraft  approach r a t e  is  0.05-0.3 m/sec; 

- longi tudinal  axes di~placement up t o  0.3m; 

- pitch,  yaw and r o l l  miealignment up t o  7'; 

- angular veloc i t i sa :  f o r  an act ive  spacecraft up t o  

1 O/sec; 

- for a pasaive spacecraft  up t o  O . l O / ~ e c ;  

- l a t e r a l  r e l a t ive  ve loc i ty  up t o  1.0 m/sec, 

APDS configuration providea an inner  tunnel for the  crew 

t o  t r ans fe r  from one spacecraft  t o  the other, 

'$hen docking, APDS can be configured i n  e i t h e r  active o r  

passive mode. The cosmonauts are provided w i t h  information on APDS 

* primary u n i t s  operation, 



The Soyuz modules ere ex te rna l ly  protected with sh ie ld  

vacuum heat insu la t ion  of green color.  Moreover, the Soyuz 

spacecraft i s  covered with a je t t i sonable  nose fa i r ing  equip- 

ped with an emergency recovery propulsion aystem to protect the 

spacecraft during the phase of passing lower atmosphere layer ,  



mounting ring f o r  the  spacecraft  i n s t a l l a t i o n  on the  launch-ve- 

hicle.  

On the outside of the  assembly sect ion there are a ra- 

d i a to r  of the thermal control  aystem, 4 approach and or ien ta t ion  

engines with a th rus t  of 10 kg each, 8 o r i en t a t i on  engines with 

a tbmst of 1 kg each, and r e a r  attachment points  of the s o l a r  

panels. 

The rendezvous-correcting propulsion system i s  located 

i n  the assembly section. It cons i s t s  of a main engine, a back 

up engine, propellant  tanks and bipropellant  feed aystem. I n  ad- 

d i t i on  t o  t ha t ,  the radio communication and telemetry antennas, 

the ion  sensors of the or ien ta t ion  system and some of the  ba t te -  

r i e s  of the e l e c t r i c  power supply system am i n s t a l l e d  i n  the  vi-  

c i n i t y  of the base ring. 

The instnunent-aasembly module a lao contains  s o l a r  bat- 

t e r i e s  i n  the  form of two tlwingsv, consis t ing of three panela 

each. Antennas f o r  radio communication and telemetry i n  the VHP 

range and short-wave band and onbaard co lor  o r ien ta t ion  l i g h t s  

axe located on the end panela of the s o l a r  ba t te r ies .  

For the Apollo/Soyuz t e s t  project  the  following elements 

of the compatible rendezvous system are mounted on the instrument- 

aesembly module: 

- f lash ing  l i g h t  beacons; 

- an element of the addi t ional  docking t a rge t  (on the  

instrument sect ion)  ; 

- onboard co lor  o r ien ta t ion  l i g h t s  (on the ends of so- 

l a r  panels). 

The r e t ro re f l ec to r s  f o r  jo in t  u l t r a v i o l e t  absorption 

experiment a r e  mounted i n  the o r b i t a l  and instrument-assembly 
modules, 
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d 
Antennas of compatible VHF-radio-stations, antennas of 

r a d i o  and t e l ev i s ion  system, main and addi t iona l  docking t a r g e t s  

f o r  approach and docking i n  a manual control  mode are located on 

the module e x t e r i o r  i n  the v i c i n i t y  of the ex te rna l  TV camera. 

The Instrument-Assembly Nodule i s  intended f o r  carrying 

the pr inciple  apparatus and equipment required f o r  o r b i t a l  f l i g h t ,  

This module s t r u c t u r a l l y  cons i s t s  of intermediate, instrument and 

assembly sect ions .  

The intermediate sec t ion  which j o i n t s  the descent ve- 

h i c l e  with the instrument sec t ion  has a t m e s  s t ruc ture ,  

The engines with a th rus t  of 10 kg each,propellant 

tanks and propellant  feed  system of the approach and or ien ta t ion  

engines system, are i n s t a l l e d  i n  this  section. 
4 

On the intermediate sec t ion  e x t e r i o r  there are: 

- the small r ad i a to r  of the thermal control  system; 

- f ron t  attachment po in t s  of the  ao l a r  panels; 

- antenna of  the command-radio l i n k .  

The pressurn-sealed instrument sec t ion  has the ahape 

of a squat cyl inder  with two  end^. The equipment of the a t t i t u d e  

motion control  system, spacecraft  onboard equipment 

control  system, radio communication system, program-timing de- 

vice ,  radio telemetry system, e l e c t r i c  power supply system. am 

loca ted  i n  the instrument section,  The infra-red or ien ta t ion  sen- 

B O ~  and sun sensor are mounted on the  instrument sec t ion  ou te r  

~ u x f  ace. 

The assembly sec t ion  i s  of a cy l ind r i ca l  s h e l l  design 

which ie connected with a conical  s h e l l  which ends with the base 



28 - Decorative covering, 

29 - Container f o r  t r a n s f e r r e d  equipment, 

30 - Gas analyzer, 

31 - Handle of the valve o f  the module pressurization 

aystem. 

Pig, 3.5 



1 - Hatch cover, 

2 - Docking mechanism; 

3 - Hand-rail, 

4 - Water dispensar, 

5 - Waste container, 

6 - Access hatch, 

7 - Waste co l lec tor ,  

8 - Folding tab le ,  

9 - "SideboardH, 

10 - Systems control  panel, 

11 - TV camera, 

12 - Tools, communication cables, 

13 - Container f o r  s c i e n t i f i c  equipment, 

14 - Food container, 

15 - Medical k i t ,  headset, 

16 - TV camera, 

17 - TV l i g h t ,  

18 - Apollo TV-camera 

19 - Working l i g h t s ,  

20 - Container f o r  onboard documents, 

21 - Junction box, 

22 - llSofall, 

23 - Cover, 

24 - Container f o r  atowage of cine and photogmphy 

equipment, pressure suits and sleeping baga, 

25 - Fire extinguishers, 

26 - Window, 

27 - Container f o r  pressure s u i t s  hoses, 





The Orbi ta l  Module (lJigure35) i s  intended f o r  conduot- - 
ing s c i e n t i f i c  experiment a, f o r  crews spacecraf t-t o-spacecraf t 

t r ans fe r s  and f o r  the rest of the crew. 

The o r b i t a l  module cons i s t s  of two hemispheres con- 

nected by a cy l indr ica l  i n se r t .  

The androgynous per ipheral  docking mechanism with an 

in t e rna l  hatch, having a cross-sectional  diameter of 0.8 m Is 

mounted on i t .  The o r b i t a l  module has two viewing windows, The 

t h i r d  window is  i n  the  cover of the docking mechanism hatch. 

A t  the bottom of the  module there  i s  a hatch connecting the O r -  

b i t a l  Module and the  Descent Vehicle, a s  well as a s ide  hatch 

f o r  the crew t o  en t e r  the spacecraft  on the launch pad, 

The i n t e r i o r  of the module cons i s t s  of a sideboard 

and a "SofaIt, which contain control  panel, inatrumentation and 

equipment of the  main support systems. Sc i en t i f i c  equipment i s  

a l s o  located i n  the Orbi ta l  Module. 

To the j o in t  Apollo/Soyuz mission the following equip- 

ment i s  provided i n  the Orbi ta l  Module: 

- transponder o f  the Apollo VHF-radio-station with an- 

tennas and autonomous power Qupply f o r  i t ;  

- junction box f o r  connecting the communication o r  te- 

l ev i s ion  equipment t rans fe r red  by as t ronauts  from 

Apollo t o  Soyux during t ransfe rs ;  

- addi t ional  VHI? t rananeiver;  

- compatible system automatics unit ,  

Special l i g h t s  and addi t iona l  brackets f o r  TV cameras 

and cine and photography equipment are i n ~ t t a l l e d  i n  the module 

t o  provide colour TV tranarnission t o  Earth and movie and p ic ture  

shooting. 



1 - Portable l i g h t  with autonomous power  upp ply, 

2 - Loud speaker, 

3 - Working l i g h t ,  

4 - VHF-radio-stations control  panel, 

5 - Hatch wheel, 

6 - Hatch, cover, 

7 - Special i l lumination lamp, 

8 - Command-signal device, 

9 - TV camera, 

10 - Instrument panel, 

11 - Sighting device, 

12 - Equipment, 

13 - Control handles, 

14. - Window, 

15 - Cosmonaut couch, 

16 - Equipment, 

17 - Couch leg ,  

18 - Parachute container. 

Fig. 3.4 



FIGURE 3.4 THE DESCENT VEHICLE ARRANGEMENT 



DESCRIPTION OF THE SPACECRAFT MODULES 

The Descent Vehicle (~igure3~4) is  intended f o r  crew lo-  

ca t ion  during i n ~ e r t i o n  i n t o  o rb i t ,  o r b i t a l  f l i g h t ,  con t ro l led  

descent through the atmosphere, parachuting and landing. The de- 

w e n t  vehicle is  a he me t i c a l l y  sealed compartment, provided with 

two viewing windows on i ts  s ides  and one window with a ight ing 

device. The s h e l l  of the  compartment i s  covered with heat  

shielding mater ia l  on i ts  outside,  and thermal insu la t ion  and 

decorative mater ia ls  on i t s  inside.  Cosmonautst panel spacecraft  

con t ro l  handles equipment of the  main and supporting eystems, con- 

t a i n e r s  f o r  the s c i e n t i f i c  equipment t o  be re turned and emergency 

k i t  f o r  the crew are a lso  located i n  the descent vehicle, 

For the  ASTP there i s  an addi t ional  control  panel i n  

descent vehicle t o  provide compatible radio-s ta t ions  and ex te rna l  

l i g h t s  control .  Special l i g h t s  and addi t ional  brackets f o r  TV cs- 

mera mounting are i n s t a l l e d  t o  provide colour TV transmission, 



1 - Androgynous peripheral  docking system, 

2 - Orbital Module, 

3 - Descent Vehicle, 

4 - Instrument-Assembly Module, 

5 - Solar panels, 

6 - VHF-radio s t a t ion  antennas on the frequency of 121,75 Mhz, 

7 - Apollo VHF-radio s ta t ion  antennas on the frequencies of 

259,7 Mhz and 296,8 Mhz, 

8 - the antennae o f  the radio and te levis ion syatem, 

9 - the antennas of the command radio l i n k  and t rajectory 

measurements, 

10 - the antennas of the radio telemetry system, 

11 - the antenna used t o  communicate with Earth, 

12 - docking target ,  

13 - onboard orientation l i g h t s ,  

14 - flashing l i g h t  beacons, 

15 - sun sensor, 

16 - ion or ientat ion sensor, 

17 - i n f r a  r e d  or ientat ion sensor, 

18 - optical  orientator,  

19 - approach and or ientat ion engines, 

20 - orientat ion  engine^, 

21 - approach-cormcting engine, 

22 - the batch f o r  the crew ingress, 

23 - external TV camera, 

24 - windows. 

To Fig, 3.1, 3.2, 3.3. 



FIGURE 3.3 GENERAL VIEW OF THE SOYUZ SPACECRAFT (TOP VIEW) 







c r a f t  general  view (Figures 3u1,3.2j33). The elements of compatible 

meark i n s e r t e d  t o  support Apollo/Soyuz t e s t  p ro j ec t  are out l ined  

p a r t i c u l a r l y  . 
The Soyuz spacecraf t  c o n s i s t s  of the  following main ays- 

t ems: 

- a t t i t u d e  motion con t ro l  system f o r  f l i g h t  and descent;  

- rendezvous and co r r ec t i ng  propulsion aystem; 

- approach-orientation propulsion system; 

- radio  communication systems; 

- e l e c t r i c  power aupply system; 

- docking system; 

- rad io  guidance system and system f o r  providing mndez- 

voua and approach using o p t i c a l  devices; 

- parachute system and s o f t  landing system; 

- l i f e  support syatem complex; 

- onboard equipment con t ro l  system, 



In  addition the crew a c t i v i t i e s  and operation mode8 

were checked during the f l i g h t ,  when solving the tasks identi-  

c a l  to  those f o r  the fu ture  mission i n  1975. 

3.2 Soyuz spacecraft description 

3.2.1 General description of  the Soyuz spacecraft 

Main character is t ics :  

Spacecraft maximum weight. .........,., .... 6.8 tons 

.......................... Maximum length., 7,5 m 

Maximum &ameter......................4e*. 2.72 m 

......... Diameter of the habitable modules 2.2 rn 

Solar panel span..,............,..~.4~..~. 8,37 m 

... Total volume of the habitable modules.. 10 m3 

Soyuz constructive arrangement 

The Soyuz spacecraft c o n s i ~ t s  of three main modulea: 

- Descent Vehicle (DV) ;  

- Orbital  Nodule ( O M ) ;  

- Instrument-Assembly Module (IAM) . 
General view of the Soyuz spacecraft i s  shown i n  Figu- 

re 3.i 
The l e f t  p a r t  of the spacecraft c o n ~ i s t s  of the dock- 

ing system and Orbital  Module, which i s  joined t o  the Descent 

Vehicle, The Descent Vehicle i n  turn is  joined through a f ront  

heat shield to  the Instrument-Assembly Module with so lar  panela 

instal led,  Nechanical connection of the apacecraft modules i s  

performed using the pyrotechnic joints. Location of the main out- 
k w  e x  elements of the spacecraft aystems i s  shown i n  the Soyuz space- 



low vacuum andwight less  conditions, navigational tracking i n  

f l i g h t ,  mutual maneuvering, spscecraf t i n t e r ac t ion  and t h e i r  com- 

rnunication with ground s t a t i ons ,  located i n  d i f fe ren t  areas of 

the USSR and with ships of t h e  USSR Academy of Science simulta- 

neous control  of 3 spacecraft  f l i g h t .  

c )  Soyuz-9 performed a 424 hour f l i g h t  during which an 

extensive program of biological  and s c i e n t i f i c  experiments was 

accomplishe d. 

d)  Astrophysical observations and spec trography of some 

p a r t s  of the sky were conducted onboard Soyuz-13 using 1t0rion-2u 

telescope system, 

e ) Soyuz- 1 , Soyuz-3, Soyuz- 10, Soyuz- 1 1 , Soyuz- 1 2, So- 

yuz-14 and Soyuz-15 spaceships t e s t e d  some onboard and new moder- 

nized system8 both i n  independent f l i g h t a  and i n  the j o in t  f l i g h t s  4 

with Salut-type s ta t ions .  Moreover, mmanne d Soyuz-type apace- 

c r a f t  were launched t o  develop i n  f l i g h t  c e r t a i n  aubsysteme and 

some elements of spacecraft . 
f) According t o  the  Soviet preparation plan f o r  the  

Saint Apollo-Soyuz mission two unmanned Soyuz type spacecraft  

f l i g h t s  were successfully accomplished (Cosmos-638 A1pri l  2, 1974, 

and Coemoa-672 A uguat 12, 1974.) .The S O J U Z - ~ ~  with Filipohenko 

and Rukavishnikov on board performed i t s  mission from 2 th ru  8Dec., 
1974. The Soyuz-16 i e  a prototype of the spacecraft  f o r  t h e  

Apollo-Soyuz f l i g h t  i n  1975. During the 6 day f l i g h t  the onboard 

systems modified according t o  the j o in t  f l i g h t  requirementls were 

euocessf"u2ly tes ted ,  Tested were new docking unit and i ts  automa- 

t i c s ,  o r ien ta t ion  and guidance system, l i f e  support gystern, 



Soyua-7 12-17 O c t ,  1969 cosmonaute A, V, F I L I P C H E N X O  
V,I~,VOLKOV 
V. V, GORBATKO 

Soyuz-8 13-18 O c t ,  1969 , 11, V,  A, SHATALOV 
A. S. Y E L I S E Y E V  

Soyuz-9 1-19 June 1970 - 11- A ,  G,NIKOLAEV 
V,I .SEVASTYhNOV 

Soyuz-10 23-25 A p r i l  1971 -11, V. A, SHATALOV 
A. 8,YELISEYEV 
N, N. RUKHVISHNIKOV 

Soyuz-1 1 6-30 June 1971 -11- G. T. DOBROVOLSKY 
V,N,VOLKOV 
V. I ,PATSAEV 

Soyuz-12 27-29 Sept,  1973 -11- V. G,LAZAREV 
0, G,MAKAROV 

Soy~z-13 18-26 D e c .  1973 -11- P . I . KLIidUK 
V , V , LEBE DXV 

SO~UZ-  14 3-19 July  1974 -I*- P, R, P O P O V I C H  
Y, P.ARTUKHIN 

S O ~ ~ Z - 1 5  26-28 August 1974 -11- G. V, S A M P A N O V  
L. S* DrnIN 

During these f l i g h t 6  the following object ives  were 

solved: 

a )  Soyue-4 and Soyuz-5 perf  orme d automatic rendezvous, 

manual approach and docking of two manned vehicles ,  that assembl- 

ed the first experimental space s t a t i o n  with a t o t a l  weight of 

12924 kg on the  Earth o r b i t ,  During the  f l i g h t  i n  docked confi- 

guration the 2 cosmonauts i n  space s u i t s  w i t h  individual  l i f e  

support syatems performed the EVA and accomplished spacecraft-  

to-spacecraft transfer, 

b )  During Soyu~-6, Soyuz-7 and Soyuz-8 group f l i g h t  

s c i e n t i f i c  and technical experiments H e r e  accomplished, includ- 

ing di f fe ren t  methods of welding t e s t s  using varioua metalsjin 



The spacecraft purpose, brief data on ItSoyuzN space- 

c r a f t  f l i g h t s  

The Soyuz spacecraft i a  designed f o r  solving a variety 

of objectives i n  the near space, among them: 

a )  to  develop autonomous navigation, guidance, maneuver- 

ing and rendezvous procedures and verify the concepts 

of designing and maintaining the Earth space a t a t i -  

ons; 

b )  t o  study the space f l i g h t  conditione influence on 

human organierm; 

o )  investigate poss ib i l i t i e s  of u t i l i z i n g  manned space- 

c r a f t  f o r  the Earth research f o r  the benefit of the d 

USSR national economy; 

d) t o  conduct some technical and s c i e n t i f i c  experiments 

in apace. 

During the period from 1967 to 1975 15 manned Soyuz 

spaceshipa accomplished t h e i r  f l i g h t  programs: 

Soyuz- 1 23-24 A p r i l  1967 cosmonaut V,M.KOMAROV 

Soyuz-4 14-17 Jan, 1969 ,~t, V . A, SHATALOV 

S o y u z - 5  15-18 Jan, 1969 cosmonauts V.V.VOLYNOV 
A*  S. YELISEYEV 
E,V*KHRUNOV 

~oyuz-6 11-16 Oct, 1969 , n, G , S, SXININ 
V* N, KUBASOV 



working on t h i s  and fu tu re  programs, I n  some caEjes compatibil i ty 

was achieved by compromi~se decisions as waEt the  case with agree- 

ment on Apollo and Soyue launch time. After  i t  was proved t o  be 

impossible t o  equally meet both count r ie~ l  launch time requirements, 

the American and Soviet s idea refused t o  f u l l y  follow t h e i r  t rad i -  

t i ona l  l im i t a t i ons  and agreed on a compromised launch time. 

For fami l ia r iza t ion  with  and understanding of methods and 

approach, t h a t  the  cooperating side8 used i n  ~olving di f fe ren t  pro- 

blems of b a l l i s t i c s  both s ides  exchanged br ie f  mathematical des- 

c r i p t i o n  of the methods f o r  defining and planning space objecttj 

motion: the US described procedures of Apollo rendezvous, and the 

procedures of the  Soyua foraing the assembling o rb i t ,  

* 
The t r a j ec to ry  conlpatibility was checked during jo in t  ex- 

periments on tracking the Soviet spacecraft  SOYUZ-16 by the  USA 

and USSR ground s ta t ions .  



2 * 3  Methodological compatibil i tx 

It i s  imposaible t o  perfom the jo in t  spacecraft missions 

by different countrie a, without solving the probLems of met hodolo- 

g i ca l  compatibility, These are: terminology regulations, marks 

agreed, un i f ica t ion  of coordinate systems and i n i t i a l  data f o r  

jo in t  calculatione and so on. A demonstrative example - reaching 

agreement i n  providing Apollo-Soyuz mission t ra jec tory  compatibi- 

li ty, 

A t  the beginning of the jo in t  work on the project  there 

appeared some differences i n  understanding and use of some id- 

t i a l  meaaings and def ini t ions  by each country, These differences 

were mainly explained by t r ad i t ions  of each country i n  apace re- 

search. So the jo in t  work began from the agreement on the i n i t i a l  

data and definitions, Coordinate systems were agreed upon, For de- 

ecribing the numerical charac te r ia t ics  the metrical  syatem was ac- wr" 

cepted, and f o r  pref l igh t  calculakions the upper Earth atmosphere 

was taken a s  proposed by the USSR and the Earth gravi ty  model, pro- 

posed by the USA ( fur ther  they were ca l l ed  "the ASTP modelsn), 

Th i s  agreement ensured the compatible r e su l t e  of  t ra jec tory  cal- 

culations performed by each country, and t h e i r  i den t i ca l  under- 

st anding. 

In  some cases the t r a d i t i o n a l  concepts were retained, if 

they did not pr incipal ly  e f fec t  the work. For example, i t  waa 

decided t o  r e t a i n  the o r b i t a l  concept, t r ad i t iona l  f o r  each cow- 

t r y ,  but both def ini t ions  of the word orb i t  were clearly given i n  

the terme of both the USSR and the USA, 

A l l  t h i s  a c t i v i t y  resul ted i n  the common tlTrajectory lan- 

guage '' which proves useful i n  mutual understanding of spec ia l i s t s  



It wae es sen t i a l  t o  overcome the language bar r ie r ,  or- 

ganize an exchange of information and a l l oca t e  r e s p o n s i b i l i t i e ~ l  

i n  nominal and contingency s i tua t ions ,  

Discussions and jo in t  e f f o r t s  have reeu l ted  i n  an agree- 

ment on interact ion,  Then the documents specifying jo in t  ac t iv i -  

t i e s  of ground control  personnel during f l i g h t  were  issued,These 

documents included a l l  bas ic  guidelines f o r  the  MCC i n t e r ac t ion  

and d e t a i l s  of spec i f i c  a c t i v i t i e s  of the US and USSR Mission 

Control Centers, Moreover, the documents contain t ine  schedules 

f o r  i n t e r ac t ion  of the Control Centers and standard foxmats f o r  

data exchange. 

The language b a r r i e r  was decided t o  be overcome th ru  in- 

t e rpre te ra  0.n duty i n  MCC, F o r  communication between WissionCmhl  * 
Center a ,  standard teminology w i l l  be used. In t e rp re t e r s  w i l l  

use the same standard te rns  and phrasee, Verbal repor ts  w i l l  be 

transmitted i n  the receiving s ide  language. Both American and 

Soviet i n t e rp re t e r s  w i l l  hear the  repor t s  i n  English and Russian, 

A l l  verbal c a l l s  w i l l  be i n i t i a t e d  with the i d e n t i f i c a t i o n  of a 

called person followed by the i d e n t i f i c a t i o n  of a calling per- 

eon, Every working station In Control Centers w i l l  have standard 

i dent  i f  i ca t ioa ,  



2.2 Compatibility of ground f l i a b t  control  personnel 

Jo in t  f l i g h t  of Soyuz and Apollo spacecraft  brought up 

a number of new problems of f l i g h t  control  t o  be solved by So- 

v i e t  and American specialists, 

Spacecraft f l i g h t  control  i s  a very complex process which 

involves the use of a wide network of tracking s t a t i ona  spread 

around the globe, several  computation centers,  a g rea t  var ie ty  

of support equipment with complex in t e r ac t ion  and pa r t i c ipa t ion  

of many spec ia l ly  t ra ined spec i a l i s t s ,  A l l  required informati on, 

from the data on the s t a t e  of hea l th  o f  cremembers up t o  the 

exact locat ioa  of spacecraft ,  i s  routed th ru  the numerous cornmu- 

nicat ions  channels t o  the Mission Control Center, 

During the j o in t  f l i g h t  Soyuz and Apollo w i l l  be control- 

l e d  by the Soviet and American Mission Control Centers respect i -  ur) 

vely, 

Such an approach towards f l i g h t  control  requiree a s t r i c t  

coordination of a c t i v i t i e s  of t he  USSR and US ground control  per-  

sonnel i n  the  course of performing a l l  operations i n  miaaion in- 

cluding spacecraft  docking and crew jo in t  a c t i v i t y .  

The complexity of  the mentioned problems ie that each 

eide worked out i t 8  o m  documentaion i n  .accordance with the prin- 

c i p l e s  adopted and es tabl ished i n  i t s  country, 

Organization of the j o in t  mission control  required the 

formulation and adoption of shared principlecll of f l i g h t  control  

which could become the basis for working out j o in t  documentation 

specifying control  personnel a c t i v i t i e ~ l  i n  nominal and contin- 

gency s i tua t ions ,  



PC* The concepts of conditioning ine i  de the habitable modules 

can be different but the environment parameters must be close. 

I n  the previous f l i g h t s  Soyuz atmosphere prac t ica l ly  cor- 

responded t o  that  of the Earth: pressure - 750-860 mm Hg, oxygen - 
20-25%, nitrogen - 78-73$, Apollo atmosphere consis ts  of pure oxy- 

gen with pressure of 260 mm Hg. 

C r e w  t ransfer  from Soyuz t o  Apol lo  without any special  

measures taken would resul t  i n  decompression disturbances ( i tch ,  

jo in t  and muscle pain etc.),which are accounted f o r  by rap id  nitro- 

gen excretion (bubbles can obstruct blood vesaels and disturb 

blood circulat ion i n  different  organs). 

To avoid decompression disturbances i t  is  necessary t o  

gradually reduce pressure, preserving O2 p a r t i a l  pressure o r  to  

carry out the nitrogen desaturation (pure oxygen breathing f o r  

'cv aeveral hours t o  remove the nitrogen from blood). F o r  the ASTP a 

special  Docking (Transfer) Module i s  developed - a kind of an a i r -  

lock with changeable atmosphere; a f t e r  docking i t  i s  to be locat- 

ed between the habitable modules. The DM i s  inser ted in to  oxbit 

together with Apollo. During the crew spacecraft-to-spacecraft 

t ransfer  the Docking Module atmosphere correspond~l t o  the atmoa- 

phere of  the habitable module with which free communication via 

in terna l  hatch i s  established, To exclude such a process i t  was 

f ina l ly  agreed to  reduce the t o t a l  presmre i n  Soyuz maintaining 

the same absolute oxygen content, Usage of  Docking Module and 

reduction of pressure i n  Soyuz ( t o  490-550 mm Hg) prac t ica l ly  ex- 

clude desatura t ion  process and enaure f a s t  and safe spacecraft- 

to-spacecraft t ransfer  without complete compatibility of space- 

c r a f t  atmospheres. 



ranging, o r  a radar operating on the bas is  of ref lected signals. 

I n  the f i r s t  case the unif icat ion of a number of elements is  ne- 

cessary,which provide opt ical  measuring (unif icat ion of docking 

targets ,  agreement on vehicles surface l i g h t  ref lect ion and ab- 

sorption coefficients) and use of opt ical  measuring devices with 

unified character is t ics ,  

For providing spacecraft visual detection and defining 

t h e i r  mutual poait ion the onboard unified flashing beacons and 

orientation l i g h t s  must be used. 

In  t h e  ASTP miasion tracking and re la t ive  motion parame- 

t e r s  measurements ( r ad ia l  speed and distance be tween spacecraft ) 

are provided by the Apollo radiosystem with the transpond- 

ing part  ins t a l l ed  onboard Soyuz. 

Beaides that ,  an opt ical  system i s  used, by means of which 
4 

the Apollo crew can track Soyuz during rendezvous a t  a distance of 

several hundred kilometers, and a l so  determine apacecraf t mutual 

a t t i tude ,  For tracking i n  the darkness a t  a distance of dozens of 

kilometers the Soyuz is  equipped with flashing beacons, A t  the f i -  

nal rende evous phase ( during approach) the spacecraft mutual posi- 

t ion  i a  determined visually by means of Apollo alignment s ight  and 

the Soyuz onboard orientation l i g h t s  and docking targets.  

A l l  parameters measured are  fed  i n t o  the onboard computer, 

which provides data, necessary f o r  guidance during rendezvous, 

Third requirement - spacecraft habitable modules atmoaphe- 

re parameters compatibility, specifically,compatibil i ty of i t a  com- 

ponen t~  and pressure, because the crew cannot t ransfer  from one 

spacecraft to  another, i f  they have essent ia l ly  different  atmos- 

pheres, 



COMPATIBILITY PROBLWS 

Spacecraft compatibil i ty condit ions and pr inc ipa l  solu- 

t ions ,  accepted f o r  Apollo-Soyuz Test Miasion 

To accomplish manned spacecraft  and s t a t i o n s  rendezvous 

and docking i t  i s  necessary t o  meet three basic  requirements: 

F i r s t  requirement - compatibil i ty of docking units, t ha t  

i s  of a l l  assemblies which d i rec t ly  i n t e r f ace  during docking. The 

docking u n i t s  must be universal ,  act ive/passive,  o r  as  they a re  

now called,  androgynous, because , ,either spacecraft  can be the  o m  

waiting f o r  ass is tance o r  rendering aid. For this purpose a basi- 

c a l l y  new compatible androgynous docking system was developed f o r  

the Apollo and Soyuz spacecraft.  

Second requirement - compatibil i ty of the  means of provid- 

ing spacecraft  ranging and rendezvous. The ac t ive  vehicle using 

radio o r  op t i ca l  means, must f i n d  the passive one (not  excluding 

the  ground f a c i l i t i e s  support) and approach i t  with the given ac- 

curacy using Reaction Control System; mechanical contact of the  

two docking systema should be ensured. 

The passive vehicle usual ly  assists the ac t ive  spacecraft  

i n  tracking and rendezvous, using i t s  radiosystem operating i n  

transpond mode, That i s  why s imi la r  p r inc ip les  should be used when 

developing radiosystems of both spaaecraft,  They should a l so  have 

the agreed t o  parameters, 

It i s  a l s o  necessary t o  meet these requirements when pro- 

viding voice communication between the crews. To provide tracking 

and rendezvous with the  vehicle,  not t ransmit t ing any radia t ion,  

a necess i ty  a r i s e s  to  u t i l i z e  the op t ica l  means of tracking and 
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e )  gaining of experience i n  conducting jo in t  f l i g h t s  by 

US and USSR spacecraft,  including, i n  case of necessi- 

ty, rendering a i d  i n  emergency s i tuat ions .  

The perfo~mance of Apollo-Soyuz joint  t e s t  mission i s  a 

s ignif icant  step i n  developing in te rna t iona l  cooperation i n  re- 

search and u t i l i z a t i o n  of space f o r  peaceful purposes. 



I n  October, 1972 the  tirning f o r  ca r ry ing  out the j o i n t  

~ ~ o l l o / ~ o y u z  t e s t  111iasion nras determined - Ju ly  15,  1975, 

A s  t e c h n i c a l  requirements were d e t e m i n e d  development of 

the syatems and t echn ica l  documentation t o  be used f o r  the  manu- 

f a c t u r i n g  o f  compatible equipment was i n i t i a t e d ,  

Prom October, 1972 u h t i l  Apr i l ,  1974 the  j o i n t  yeviews of 

the  compatible equipment were h e l d  t o  assuse success fu l  accornplish- 

nent  of the  mission,  

Ground t e s t s  o f  compatible means s t a r t e d  from October, 

1973 i n  o rde r  t o  develop cornponelit designs and checking t h e i r  pe r -  

f  ormance , 

The f i n a l  t e s t s  of compatible means i n s t a l l e d  on the Soyuz 

and Apollo spacec ra f t  are conducted completion a t  t h e  launch: 
b 

s i t e s .  

1.2 kollo-So,yuz j o i n t  t e s t  p r o j e c t  o b j e c t i v e s  

The primary ob jec t ive  of Apollo/Soyuz j o i n t  mission i s  t o  

check t echn ica l  requirements and s o l u t i o n s  f o r  xendezvo~s  and dock- 

ing of f u t u r e  manned spacec ra f t  and s t a t i o n s .  

The performance of t h i s  mission inc ludes  the  following: 

a )  t e s t i n g  of a compatible rendezvous system i n  o r b i t ;  

b)  t e s t i n g  of androgynous docking assemblies;  

c)  v e r i f y i n g  the  techniques of transfer of cosmonauts and 

as t ronau t s ;  

d) performance of  c e r t a i n  a c t i v i t i e s  of US and USSR crewB 

i n  docked f l i g h t ;  



New compat~ble docking system 

Docking module 

F IGURE 1.1 RENDEZVOUS A N D  DOCKING OF T H E  SOUYZ AND APOLLO SPACECRAFT DURING TEST FLIGHT 



deinician B, Pet  rov,  C h a i ~ n a n  of Intercosmos Council ,  USSR Academy 

of Sciences and R, ~ i l r u t h ,  NASA Manager, I3anned Space f l igh t  Center ,  

The S~mnary  Document was s igned  on A p r i l  6 ,  1972 dur ing  the  

meeting of the  representat ives  of  the  USSR Academy of Sciences and 

USA IJASA, This meeting was h e l d  t o  d i scuss  ques t ions  p e r t a i n i n g  t o  

the  development of compatible means of rendezvous and dock in^ of 

the  USSIR/USA manned s p a c e c r a f t  and s t a t i o n s ,  The document s a i d  

t h a t  the  t e s t  clisuion with the  subsequent docking of the Sovie t  

and American s p a c e c r a f t  was cons idered  d e s i r a b l e  i n  o r d e r  t o  t e s t  

the  compatible means of rendezvous and docking, 

On May 24, 1972, i n  Moscow, A,W,Kosygin, Chairman of t h e  

Council  of Ildinisters of the Soviet  Union and  United S t a t e s  P res i -  

dent R,Nixon s igned  an  agreement between the  two n a t i o n s  on coope- 

b r a t i o n  i n  t h e  e x p l o r a t i o n  and peacefu l  u s e s  of o u t e r  space,  Both 

s i d e s  agreed t o  develop compatible means of rendezvous and docking 

and conduct i n  1975 t he  first t e s t  miss ion  i n  o r d e r  t o  t e s t  t he  

means by accoplifihing docking of t he  Sovie t  Soyuz-type s p a c e c r a f t  

and American Apollo-type s p a c e c ~ a f  t and t h e  t r a n s f e r  of cosmonauts 

and au t ronaut  s (see  f ig.1.1). K,Bushuyev, a corresponding-member of 

the  USSR Academy of Sciences,  was appoin ted  an ASTP D i r e c t o r  from 

the  Sovie t  s i d e ,  and Doctor G,Lunney - from the  Arnerican s ide ,  

Determination of t h e  main o b j e c t i v e s  and s t a g e s  of t h e  m i s -  

s i o n ,  d e f i n i t i o n  of t h e  b a s i c  requirements  f o r  compatible and in- 

t e r a c t i n g  systems were e s s e n t i a l l y  completed dur ing  the  meetings 

of s p e c i a l i s t s  h e l d  i n  t h e  second h a l f  of 1972 and i n  March, 1973. 
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1 .I Background - 

% s t  f l i g h t  of the Apollo-Soyuz t e s t  p ro j ec t  

(ASTP) i s  performed i n  accordance i l~ i th  the USSR/USA agreement 

on cooperat ion i n  the expl@rat ion and peaceful  uses  of space i n  

order  to  develop compatible means of rendezvous and docking f o r  

the Soviet and American ~nanne d spacecrnf t and s t a t i o n s ,  This 

f l i g h t  ~ e f l e c t s  the d e s i ~ e  of both coun t r i es  t o  c rea te  rnaterial  

baa i s  with the aim of enhancing the objec t ive  of f u r t he r i ng  the 

s a f e ty  of manned space f l ight  and supporting s c i e n t i f i c  experi- 

ment s progralil i n  the  fu ture .  

Sirice 1970 represen ta t ives  of the USSR Academy of Science 

and the USA NASA have been diacussing t echn ica l  quest ions of the  

development of compatible rendezvous and docking systems of manned 

spacecraf t  s and s t a t i o n s ,  Dusing the f i r s t  j o i n t  meeting of the 
4 

USSR and US s p e c i a l i s t s  he ld  i h  Noscow i n  1970, October 26-27 both 

s i d e s  exchanged t h e i r  views and i n f o m a t i o n  on the major direc- 

t i o n s  to  be followed i n  assur ing compatibili-ty of rendezvous and 

docking systems. 

A t  t h i s  meeting working groups were s e t  up t o  develop and 

approve t echn ica l  requirements f o r  compat ib i l i ty  of these systems. 

Subsequent meetings w e r e  he ld  i n  June and flovember 1971 t o  

d iscuss  t echn ica l  requirements f o r  spacecmf t systems, approve ba- 

s i c  technical  decis ions  and gu ide l ines  f o r  providing compat ib i l i ty  

and discuss the  p o s s i b i l i t y  of car ry ing out the manned f l i g h t s  

uaing e x i s t i n g  spacecra f t s  i n  o rder  t o  t e s t  the compatible means 

of rendezvous and docking i n  the middle of the  70's, The meetings 

of s p e c i a l i s t s  of the Academy of Sciences, USSR and NASA, USA were 

he ld  i n  Moscow and Houston a l t e r n a t e l y  and were headed by the  Aca- 
4 
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